Abstract: Advances in drug therapy have resulted in efficacious treatments being available; however, the benefit may be lost if prescribed medications are not taken properly. Unfortunately, poor medication adherence is common and widespread, affecting all age groups and disease conditions. Adherence is a factor in health outcomes of pharmacotherapy with possible failure to achieve therapeutic goals and worsening of illness. Higher health care costs may result from more frequent physician and emergency department visits and increased hospitalization rates. The cost of medications may play a role in whether patients do or do not take their medication with increased cost sharing leading to poorer adherence with prescription drugs. Given the possible adverse consequences of nonadherence, interventions to improve medication-taking behavior are encouraged although not consistently successful. Surprisingly, there is relatively little information on the cost-effectiveness of these interventions and more methodologically sound research is needed in this area. Alternative strategies that have been proposed are valuebased insurance design and the use of financial incentives, although the former has not been widely accepted, and the latter is ethically controversial. This article reviews some of the main issues with regards to adherence with drug therapy including some of the cost implications of less than optimal medication adherence.
Introduction
Efficacious drug therapy is available for many medical conditions; however, in order for patients to benefit they must take their medication as "drugs don't work in patients who don't take them". 1 Indeed, it has been said that effective ways to help people follow medical treatments could have far larger effects on health than any treatment itself. 2 Nonadherence with drug therapy is not a new phenomenon as Hippocrates said, "keep watch also on the fault of patients, which often make them lie about the taking of things prescribed". 3 The World Health Organization defines adherence as the extent to which a person's behavior -taking medication, following a diet, and/or executing lifestyle changescorresponds with agreed recommendations from a health care provider. 4 Although often used interchangeably with the term 'compliance', adherence is preferred by many as it acknowledges the patient's role in the decision-making process. 5 Nonadherence may refer to not following the prescribed medication regimen, for example delayed or missing doses, with errors often the result of forgetfulness. Early, complete discontinuation of treatment is also common with persistence defined as the length of time between initiation and the last dose, which immediately precedes discontinuation.
Clarity of the definition of both adherence and persistence is imperative when including these parameters in the economic evaluation of drug therapy.
Poor adherence to long-term therapies may compromise the effectiveness of treatment making this a critical issue both from the perspective of quality of life and of health economics. 4 This article will provide a brief overview of medication adherence in general followed by a discussion of some of the cost implications of nonadherence with respect to effects on health outcomes and financial considerations. Detailed discussion of economic evaluations and modeling will not be included.
Overview of adherence Scope of the problem
Poor adherence with medical therapy may take many forms, including failing to fill the prescription, 7 not taking prescribed medication or not taking it properly with respect to dose or timing, or prematurely discontinuing the treatment course. With the advent of electronic monitoring, various patterns of nonadherence have been described, including drug holidays (a period of 3 or more drug-free days) 8 and "white coat compliance" (improvement in adherence prior to a scheduled medical appointment). 9 Although ideally the dividing line between adherence and nonadherence with respect to percentage of doses taken would be based on the minimum coverage required to achieve the desired therapeutic benefit, this threshold is often not known and an arbitrary cut-off of 80% is often chosen. 10 Nonadherence with drug therapy is widespread. In a metaanalysis of 569 studies from the 50-year period between 1948 and 1998, reported adherence to medical treatment ranged from 4.6% to 100% with a median of 76% and an overall average of 75.2%. 11 Subsequent research has confirmed that nonadherence remains a substantial problem. The seriousness of the underlying condition does not guarantee good medication-taking behavior as studies have shown less than optimal adherence even in patients with cancer [12] [13] [14] or organ transplants. 15, 16 Adherence rates tend to be lower in patients with chronic medical disease compared to those with acute medical problems. As well, persistence among patients with chronic conditions is low and drops dramatically after the first 6 months of therapy. 17 Not taking one's medication may result in treatment failure and unfavorable disease outcome. In 63 studies assessing patient adherence and outcomes of medical treatment, the outcome difference between high and low adherence was 26%. 18 The potential negative consequences of medication nonadherence will be discussed in detail in the section on cost implications.
Factors affecting adherence
Many factors have been proposed to play a role in poor adherence with drug treatment; however, no single factor has been shown to reliably predict which patients will or will not take their prescribed medication. Medication-taking behavior is influenced by a complicated interplay of factors that may include age, education level, socioeconomic status, patient beliefs, the provider-patient relationship, disease characteristics, and the drug regimen. The more complex a drug regimen is, the more likely that it will not be followed. It has been stated that "treatments that are easier to take invite better adherence". 19 Adherence is better when fewer medications are prescribed and when the administration schedule least disrupts the patient's normal busy routine. More frequent dosing may adversely affect adherence and once-daily dosing is often suggested as a preferred option. In a review of 76 studies where adherence was measured by electronic measuring devices, adherence declined as the number of daily doses increased with rates of 79% for one dose, 69% for two doses, 65% for three doses, and 51% for four doses. 20 Subsequent work has also supported the benefit of less frequent dosing on medication adherence in chronic disease. 21, 22 Out-of-pocket costs of prescription drugs may also deter patients from taking their medications.
Measurement of adherence
In clinical practice, it is important to have a high index of suspicion that prescribed medication may not be taken, in particular in situations where the desired therapeutic goal is not achieved. Accurate assessment of adherence is also important in conducting pharmacoeconomic studies. The ideal measuring tool should be reliable, objective and provide a continuous record of medication-taking behavior. Unfortunately, no method is foolproof and no universally accepted gold standard exists. It has been stated that "simple methods are not accurate and accurate methods are not simple". 23 Self-reporting using diaries, questionnaires, or interviews is commonly used as it is generally easy and inexpensive to implement; however, it may depend on recall and accuracy is often questioned as adherence is overestimated. Prescription refill is now more frequently utilized given the many computerized prescription databases that exist, but is limited by the assumption that medication that is prescribed or dispensed is actually taken. Pill counts, often used in the research setting, do not confirm ingestion, do not detect fluctuations in medication-taking behavior, and are subject to intentional pill dumping, and this leads to an overestimation of adherence. Measurement of drug levels, usually in blood, only reflects recent medication consumption, depends on the availability of an appropriate drug assay, and may be affected by pharmacokinetic variation between individuals.
With advances in technology, electronic monitoring of adherence with drug therapy has become more popular. Built-in microprocessors record and store information on the date and time of medication removal as a presumptive dose. 24 Electronic monitors provide continuous real-time measurement and can provide information on temporal dosing patterns and allow correlation with breakthrough clinical events. Some monitors are equipped with the ability to remind the patient to take their drug at the correct time and others may be paired with telemedicine or the Internet to provide timely feedback to the patient regarding their medication-taking behavior. However, these systems, which are subject to mechanical malfunction, may be expensive and may not be suitable for routine clinical practice. 25 As well, they generally record use of the device and do not confirm ingestion of the medication.
Adherence-enhancing interventions
Various adherence-enhancing interventions have been implemented to prevent poor adherence with drug therapy from occurring or to address it if it is recognized. Potential barriers to adherence need to be identified and efforts should target those patients who need the most support. Educational and behavioral approaches should be combined as no single intervention strategy has been shown to be effective across all patients, conditions, and settings. 26 It has been stated that "while education alone cannot ensure compliance, ignorance certainly favors noncompliance". 27 Individualization and tailoring of the drug regimen to accommodate the patient's lifestyle may be of value. With respect to the medications themselves, development of "forgiving" drugs, ie, drugs that are better able to maintain therapeutic action during the more common lapses in dosing, 28 has been proposed as an attractive option. Fixed-dose combination preparations are also becoming more popular as they reduce pill burden and have been shown to decrease the risk of nonadherence. 29 An interesting possibility is the polypill, which combines various drugs including blood pressurelowering drugs, a statin, and aspirin. 30, 31 More recently, the role of technology-based interventions, such as text messaging and telemonitoring systems, is being evaluated. 32 In a Cochrane review of randomized controlled trials of interventions to help patients follow prescriptions for medications for medical problems, less than half of the interventions tested were associated with statistically significant improvements in medication adherence and only 29 of 93 interventions reported statistically significant improvements in treatment outcomes. 2 A more recent review of randomized controlled trials assessing adherence-enhancing interventions found that of 62 trials, 33 (53%) reported improvement in medication adherence with improvements in at least one health outcome in 18 (29%). Effectiveness of the interventions varied across clinical conditions. Most consistent improvements in adherence and other health outcomes were noted with educational interventions with behavioral support through continued patient contact. 33 A systematic review of interventions aimed at improving adherence to long-term medication in children suggested that adding a behavioral component to education may lead to better adherence, although there were also a number of negative studies. 34 The International Expert Forum on Patient Adherence assigned the highest priority to the development of simple interventions that can be easily implemented in everyday practice. 35 
Cost implications

Consequences of nonadherence
Poor adherence with drug therapy has cost implications, both in terms of health outcomes and financial burden. The clinical and economic impact of failure to be fully adherent will depend on the nature of the disease (acute or chronic, symptomatic or asymptomatic, nonfatal or potentially fatal) and the effectiveness of the therapy. 36 
Health outcomes
The relationship between inadequate adherence and unfavorable disease outcome has been demonstrated for many medical conditions. Good adherence with drug therapy was associated with lower mortality compared with poor adherence (odds ratio [OR] 0.56, 95% confidence interval [CI]: 0.50-0.63). 37 Other consequences of nonadherence may be inappropriate changes in treatment regimens or alterations in drug dosing leading to subsequent toxicity. Patients may undergo unnecessary investigations. Nonadherence may either be positively or negatively related to quality of life. who discontinued use of all their postdischarge medication (aspirin, β-blockers, and statins) at 1 month had a lower 1-year survival compared with patients who continued to take one or more medication(s). 39 With coronary artery disease, nonadherence with prescribed medication was associated with increased all-cause mortality risk and higher cardiovascular mortality risk. 40 Lower risk of all-cause death, stroke, or acute myocardial infarction was demonstrated in patients with good and excellent adherence to antihypertensive medications compared with those with poor adherence. 41 Better adherence with statins was associated with reductions in all-cause mortality and fatal and nonfatal cardiovascular results. 42 Adherence to diabetic pharmacotherapy was associated with better glycemic control 43 while medication nonadherence was associated with an increased risk for all-cause mortality in patients with diabetes mellitus. 44 Adherence with inhaled corticosteroids (greater than 75% of the prescribed dose) was associated with a reduction in asthma exacerbations. 45 Disease flares in ulcerative colitis patients may be attributable to nonadherence with 5-aminosalicylic acid products. 46 In pediatric renal transplant recipients, 14.4% of graft losses and 23.2% of late acute rejection episodes were associated with nonadherence to immunosuppressive drugs or potential interventions. 47 There was a progressive increase in risk of relapse of acute lymphoblastic leukemia in children with decreasing levels of adherence to oral mercaptopurine. 48 Association between poor adherence to antiretroviral therapy for HIV and virologic failure has been shown for protease inhibitors 49 and nonnucleoside reverse transcriptase inhibitors. 50 Nonadherence with antipsychotic medication was associated with an increased risk of relapse in patients with schizophrenia. 51, 52 Poor adherence with drug therapy has been implicated in increased hospitalization rates. Problems with patient adherence to medication were shown to be responsible for 33.3% (range 20.9% to 41.7%) of preventable drug-related admissions to hospital. 53 In the Hospital Admissions Related to Medication (HARM) study in the Netherlands, nonadherence to the medication regimen was a risk for potentially preventable medication-related hospital admissions (OR 2.3, 95% CI: 1.4-3.8). 54 Nonadherence was implicated in 50% of hospital admissions associated with drug-related problems to a pediatric hospital. 55 Patients with cardiovascular disease who reported cost-related medication underuse were significantly more likely to be hospitalized in the next 2 years. 56 Dietary and/or medication nonadherence was the reason for admission in 10.3% of heart failure hospitalizations. 57 Disruptions in atypical antipsychotic adherence, with a gap of as short as 10 days past a missed prescription refill, were associated with increased mental health (hazard ratio 1.54, 95% CI: 1.02-2.32) and schizophrenia-specific (hazard ratio 1.77, 95% CI: 1.16-2.71) hospitalizations. 58 Increased rates of hospitalization with low medication adherence have also been shown for several other medical conditions including hypertension, 59 chronic obstructive pulmonary disease, 60 diabetes mellitus, 43, 44, 61 and Crohn's disease.
62,63
Financial burden (health care costs)
Whether poor adherence with drug therapy results in increased overall financial costs depends on the balance between effects on drug spending and effects on expenditures resulting from altered health outcomes. Improvements in medication adherence may result in increased drug acquisition and pharmacy costs. 64 It is often assumed that nonadherent patients will have a higher rate of health care resource utilization as poorer health outcomes may lead to increased ambulatory and emergency visits as well as hospital admissions. Increased risk of hospitalization may translate into significant excess costs. 65 Patients not taking their medications may lead to lost productivity from work absenteeism and additional cost burden to family. At lower persistence rates, savings in drug costs may be outweighed by increases in nondrug costs. 66 In assessing the effects of nonadherence on health care costs, it is important to bear in mind that inconsistency of definitions, difficulties with quantitative measurement, and other methodological issues may influence pharmacoeconomic analyses. 38, 67, 68 Economic evaluations estimating cost-effectiveness need to take into account that adherence exhibited in randomized controlled trials is often better than that observed in real-life daily practice settings. 69 Studies have shown that improved adherence is often associated with lower total health care costs, mainly as a result of reductions in hospitalizations and emergency department visits, 64, 70 although there are exceptions where there is an increase in overall costs, perhaps due to more expensive medications. 64 The New England Healthcare Institute estimated that nonadherence along with suboptimal prescribing, drug administration, and diagnosis could result in as much as $290 billion per year in avoidable medical spending in the United States. 65 The economic consequences of nonadherence in cardiovascular disease and related conditions were addressed in a review of work published until 2007. Twenty-three studies, mostly retrospective using administrative claims databases in managed care organizations, examining the effect of adherence and/or persistence on the cost or cost-effectiveness of treatment were included. Higher levels of adherence were associated with lower nondrug costs, which offset the higher drug costs resulting in savings in overall health care costs and increased adherence rates appeared to reduce costeffectiveness ratios, although most studies failed to investigate the extent of the effect. 71 A subsequently published study that examined medication adherence in patients with four chronic vascular conditions (congestive heart failure, hypertension, diabetes, and dyslipidemia) found that adherent patients had higher pharmacy spending than patients who were not adherent. However, improved adherence was associated with lower total annual health care spending as inpatient hospital days and emergency department visits were reduced. 64 However, not all studies have shown a beneficial effect of better medication adherence, perhaps related to increased drug costs, particularly with more expensive products. For example, with respect to diabetes mellitus, one of the better studied medical conditions, although some studies have shown overall cost savings 61,72 recent reviews of treatment adherence found that there was no consistent association between improved adherence and decreased health care costs. 43, 73 In the case of Crohn's disease, patients who were not adherent with infliximab maintenance therapy had higher medical, hospitalization, and outpatient costs. However, overall health care costs, taking into account that adherent patients incurred a greater outpatient infliximab cost, were not reported. 62 Similarly, Carter et al reported higher hospital costs in nonadherent Crohn's disease patients not including the cost of infliximab administered in the outpatient setting, and therefore, it is difficult to assess the impact of infliximab nonadherence on total health care resource utilization and costs. 63 Adherence with osteoporosis therapy is generally suboptimal. 74 A recent paper that emphasized the importance of integrating medication adherence and persistence into pharmacoeconomic evaluations noted that a limited number of studies have suggested important economic implications of poor adherence to osteoporosis medications. 69 Using a microsimulation model, Hiligsmann et al demonstrated that total costs were lower in a full adherence (with oral bisphosphonates) scenario than in the real-world adherence scenario as the averted costs of treating additional osteoporotic fractures resulting from nonadherence exceeded the cost of the additional therapy resulting from improved adherence. Oral bisphosphonates became more cost-effective with improved adherence. 75 Using a model with assumptions regarding age, varying types of drug therapy, and number of drugs with a primary nonadherence (prescription not being filled) rate of 3% and secondary nonadherence rates of 30% for short-term drug therapies and 50% for continuing ones, Hovstadius estimated the drug acquisition cost related to non-adherence to drug therapy in Sweden to be 42.6% of total drug acquisition costs. Ideally, the difference between primary and secondary nonadherence should be small to avoid wasteful spending. 76 
Cost as a contributing factor to nonadherence
Out-of-pocket costs may serve as a deterrent to patients obtaining their prescribed medication. Patients may skip doses, may split tablets to make them last longer, or may delay refilling prescriptions. 77 An online survey of community participants found that out-of-pocket drug cost has a significant influence on one's preference to continue with a medication. 78 Physicians often do not ask patients about how they pay for medications. 79 Previous research, mostly from the United States, has shown that cost-related nonadherence to treatment is widespread, 80 although as previously noted the etiology of nonadherence is often multifactorial and economic burden alone does not predict patient susceptibility to poor adherence. 77 Patient-reported rates of cost-related underuse of prescription medications ranged from 1.6% to 22% in survey studies. 81 A review of cost-related nonadherence found that not having prescription drug coverage was a significant risk factor although the protection afforded varied by the source, duration, design features, and patient cost sharing. 77 In a Canadian study, 9.6% of patients reported cost-related nonadherence. Lack of insurance for prescription drugs was associated with a more than fourfold increase in the odds of cost-related nonadherence. 80 Behavior may vary depending on country of residence as for example, patients in the United States have been found to be two to three times more likely to report cost-related adherence than Canadian residents. 33 Identification of factors contributing to cost-related nonadherence may facilitate the development of strategies to reduce cost barriers.
The impact of medication costs on adherence is evident in work that has examined the role of cost sharing, that is shifting cost to patients or copayments. Increased cost sharing is associated with lower pharmaceutical use and, for some chronic conditions, increased use of medical services such as hospitalizations and emergency department visits. 82 Eaddy et al conducted a literature review assessing the effects of increased cost sharing on adherence and outcomes submit your manuscript | www.dovepress.com in patients with neurological, cardiovascular, mental health, metabolic and pulmonary disorders. Fifty-six of 66 studies (85%) demonstrated a significant relationship between increased patient cost sharing and decreased medication adherence. Furthermore, for each dollar increase in patient copayments, adherence would be expected to decrease by 0.4%. Nineteen of 25 studies (76%) demonstrated that increased patient cost sharing adversely affected outcomes. 83 Increased cost sharing has been shown to delay the initiation of medications to treat newly diagnosed chronic disease. 84 The impact of copayments on adherence may vary between patients with high-or low-comorbidity burden. 85 
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Cost issues in medication adherence
Cost-effectiveness of adherence-enhancing interventions
Given the many potential negative consequences of nonadherence, it would be advantageous to have effective strategies to improve medication-taking behavior. However, as previously noted the factors leading to poor adherence are many and strategies available to increase adherence are not always successful. Even the most effective interventions do not generally lead to large improvements in adherence and treatment outcomes. 86 The cost of these adherence-enhancing interventions, which may be complex, labor intensive and inconvenient, need to be weighed against the benefits achieved, such as the prevention of adverse health outcomes, in order to determine their effects on overall health care costs. Ideally, the intervention will lead to better taking of drugs at a lower cost. Resources available must also be considered as the cost of implementation of some adherence-promoting strategies may be prohibitive in some low-resource settings, for example with treatment for tuberculosis in developing countries. 87 However, the cost of implementing and sustaining these programs is often unknown 88 and cost savings have not been explored in most studies. In a review of the costeffectiveness evidence, Elliot et al found that cost data was generally poorer than clinical data and that it was not possible to make definitive conclusions about the cost-effectiveness of medication adherence-enhancing interventions due to the heterogeneity of studies. 89 Assessment studies often have shortcomings in their economic methodology and may be inadequate to assess cost-effectiveness accurately. 90 As the trial period of studies of the cost-effectiveness of adherenceenhancing interventions is often short, it is not possible to determine long-term benefits. 38 Assessment of the cost-effectiveness of adherenceenhancing interventions has been based largely on data from economic models. Studies have examined the effects of these interventions on adherence but have generally not looked directly at whether these strategies ultimately improve clinical outcomes. Using hypothetical scenarios and simulation, incremental cost-effectiveness ratios (ICERs) have been calculated. 91 This approach is subject to the limitations inherent in the uncertainty of the assumptions which are made in developing the model.
As an example, cost-effectiveness analyses of interventions to improve adherence with medications for cardiovascular indications have been undertaken. Using a Markov model simulating a cohort of postmyocardial infarction patients prescribed secondary prevention medications, only mailed education had an ICER of less than $100,000 per quality-adjusted life year in an incremental analysis. 92 A study to examine the cost-effectiveness of statin therapy for primary prevention of ischemic heart disease estimated that from €243,000 to €413,000 would be additionally spent on average every 10,000 person-year to avoid one ischemic heart disease event due to the enhancement of medication adherence. However, this model did not include the cost of the implementation strategies for enhancing adherence and did not account for several health benefits that may result from enhancing adherence. 93 A review of adherence-improving interventions for antihypertensive and lipid-lowering drugs found that the most effective approaches were intensive and multifaceted and likely to be expensive. 94 As a follow-up, this group compared the cost-effectiveness of various interventions and, based on their modeling, assessed that a combination program involving self-monitoring, reminders, and educational materials and a pharmacist/nurse management program were theoretically the most cost-effective methods of improving adherence with antihypertensive and lipid-lowering therapy. 95 Although adherence may be improved by a program aimed at enhancing adherence, economic benefit does not necessarily follow. Despite improvement in treatment adherence in patients with schizophrenia or schizoaffective disorder, treatment adherence therapy, an intervention in which strategies for improving adherence are tailored to a patient's individual situation, did not result in improvement in psychiatric symptoms or quality of life and did not reduce total health care cost or contribute to cost-minimization compared to treatment as usual. 96 
Value-based insurance design
Reducing copayments for highly effective chronic therapies may improve adherence although this approach may not be sufficient on its own. 86 out-of-pocket expenses for prescription medications through reduced medication copayments or improved prescription drug coverage had beneficial effects on adherence to cardiovascular and diabetes medications. 33 The basis of value-based insurance design (VBID) is that cost sharing is set according to a medication's clinical value instead of its acquisition cost. 97 VBID plans lower employee out-of-pocket costs for cost-effective medications for chronic disease 65 and copayments for drugs of lower value are increased, 98 although the latter has not always been applied. 99 By removing financial barriers for high-value medications, the hope is that access to these drugs will improve, costrelated nonadherence will decrease, average health will be better, and health care costs will be reduced. VBID programs may be structured in a variety of ways. 100 The most commonly implemented VBID programs lower copayments on classes of medications identified as high value. 101 Ideally, ascertaining which therapies are of high value is evidence-based, determined by comparative effectiveness studies. 101 The Mercer National Survey of Employer-Sponsored Health Plans indicated that many large employers were interested in implementing VBID plans. 100 Assessments of the effects of VBID programs have mostly focused on the programs offered by self-insured employers. 102 However, systems with a single payer providing comprehensive coverage over a longer period of time, such as Medicare, may have more incentive to adopt VBID plans than private insurers and employers. 100 In a study of medications used to treat diabetes, hypertension, hyperlipidemia, and congestive heart failure, the implementation of a VBID program was associated with improved adherence ranging from 0.9% to 3.2% at 1 year and 2.2% to 5.0% at 2 years post-VBID adoption. Participants with the lowest baseline medication adherence underwent the largest increases in adherence following VBID adoption. 97 Lowering statin copayments for patients with diabetes or vascular disease and clopidogrel copayments for all patients by a large self-insured employer was associated with increased prescriptions filling rates, reduced rates of physician visits, hospitalizations and emergency department admissions, and reduced patient out-of-pocket spending. However, rates of major coronary events or coronary revascularization procedures were not significantly changed and the policy was cost neutral with regard to overall health spending (combined insurer and patient spending for drugs and medical services). 103 Although studies have shown positive effects of VBID programs on adherence, 102, 104, 105 it is not clear whether VBID can result in net cost savings 98, 106 and adoption of VBID has been slow. 106 It is unclear whether increased use of high-value therapies leads to better health outcomes and reductions in other health care costs. 100 It has been argued that the modest improvements in adherence may not be clinically meaningful and economic evaluations have suggested that VBID is cost neutral. 97 If copayments are reduced, health care plans are unable to realize enough subsidization of the increase in use of high-value medications from reduction in use of low-value medications. 99 It has also been suggested that there are not enough avoidable costs to fully offset the copayment reductions and that many of the copayment waivers go to people who are already adherent to their prescribed regimen. 99 
Use of other financial incentives
Another option which has been proposed to encourage medication adherence is to provide direct financial incentives. Patients who display better adherence may receive financial rewards. 86 Discounts and rebates for drugs may be linked to improved adherence among patients. 65 Reduced health insurance premiums or copayments may be offered to patients who adhere closely to their medications. 65 A meta-analysis demonstrated that financial reinforcement interventions significantly improved adherence with an overall effect size of 0.77 (95% CI: 0.70-0.84). Interventions that were longer in duration, provided an average reinforcement of $50 or more per week, and reinforced patients at least weekly showed the most potential. 107 A systematic review of incentive-based medication adherence interventions found adherence increased by a mean of 20%, but that adherencepromoting effects tended to lessen after the intervention was discontinued. 108 Economic feasibility and cost-effectiveness of this promising approach remains to be determined. Ethical considerations will also need to be further debated. 109, 110 In summary, suboptimal adherence with drug therapy is a significant issue with cost implications including compromised health outcomes and economic consequences related to increased health care spending. In addition, out-of-pocket medication costs may contribute to poor medicationtaking behavior. Reducing medication nonadherence (and nonpersistence) may have the potential to reduce the financial burden to society by decreasing medical costs and overall health care expenditure, although how to best accomplish this task remains to be determined. The existing literature suggests that potential cost savings of interventions to improve adherence with drug therapy have generally not been addressed in detail. In addition to better identifying what elements work most effectively with different patient groups, high quality cost-effectiveness analysis of the different strategies to enhance medication adherence are needed to balance the trade-off between resources required to implement the intervention (including increased medication costs) versus the degree of improvement in adherence, incremental health benefits, decreased use of health care services, and associated cost savings, if any. Ideally, these studies should also take into account whether these interventions lead to improvement in health outcomes and quality of life at a reasonable price.
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